xn 



*0 

o 



UTILITY PATENT 
APPLICATION TRANSMITTAL 



(Under 37 C.F.R. §1. 53(b)) 



Docket No.: ECV-561 1 Page 1 of 2 

Title: METHODS FOR QUANTITATIVE AND 

QUALITATIVE ANALYSES OF PHOSPHOLIPIDS 

USING ONE-DIMENSiONAL THIN LAYER 

CHROMATOGRAPHY 

Express Mail Label No.: EL599135234US 



APPLICATION ELEMENTS 

INVENTORS: **Tan Thanh Dinh, Patrice Tremble and Crystal 
Cunanan 



Fee Transmittal Form (Submit an original, and a duplicate 
for fee processing) 



3. 



9. 



10. 



X 

m 
□ 



Specification 



[Total Pages 



Drawing(s) (35 USC §1 1 3) [Total Pages 
(Figs. 1-2) 



Signed Declaration 
j | Newly executed (original or copy) 



EH' 

[Total Pages j j ] 



b. j | Copy from a prior application (37 CFR §1. 63(d)) 



(Note Box 5 below) 

DELETION OF INVENTORY 



□ 



Signed statement attached deleting inventor 
named in the prior application, see 
37 CFR §§1. 63(d)(2) and 1.33(b) 



Incorporation By Reference (useable if Box 4b is checked.) 
entire disclosure of the prior application, 
from which a copy of the oath or declaration is supplied 
under Box 4b, is considered as being part of the 
disclosure of the accompanying application and is 
hereby incorporated by reference therein 



6. j I Microfiche Computer Program 

7. [ | Nucleotide and/or Amino Acid Sequence Submission 

8. [ j Assignment Papers with recordation sheet ( pages) 



□ 
□ 



37 CFR §3.73(b) Statement 



English Translation Document 



□ 



Power of 
Attorney 



ADDRESS TO: 



Commissioner for Patents 
Box Patent Application 
Washington, D.C. 20231 




11. 

12. 

13. 

14. 
15. 

16a. 
16b 



□ 

□ 

0 
□ 

□ 
□ 

□ 



□ 



Information Disclosure 
Statement (IDS)/PTO-1449 

Preliminary Amendment 

Return Receipt Postcard (MPEP 503) 

Small Entity Statement(s) 

Certified Copy of Priority Documents (s) 



Cancel in the application original claims _ 
before calculating the filing fee 



Copies of IDS 
Citations 



Amend the specification by inserting before the first line the 

sentence: -This is a Continuation, 

Divisional, Continuation-in-part, of application 

filed 

16c. | j I hereby verify that the attached papers are a true copy of the 

latest inventor-signed prior application, including a copy of the oath 
or declaration showing the original signature or an indication it was 
Signed. I hereby verify that the papers are a true copy of the latest 

signed prior application number , filed 

and further that all statements made herein of my own knowledge 
are true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are 

punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any 
patent issuing thereon 



16d. 



16e. 



□ 
□ 



Other 



Other 



17. If a CONTINUING APPLICATION, check appropriate box and supply the requisite information: 

| | Continuation [ j Divisional j | Continuation-in-part (CI P) of prior application No.: /_ 



s:\docs\ddc\561 1apptrans.doc 



10 



0 




UTILITY PATENT 
APPLICATION TRANSMITTAL 



(Under 37 C.F.R. §1. 53(b)) 



Docket No.: ECV-5611 Page 2 of 2 h 

Title: METHODS FOR QUANTITATIVE AND J 



QUALITATIVE ANALYSES OF PHOSPHOLIPIDS 
USING ONE-DIMENSIONAL THIN LAYER 
CHROMATOGRAPHY 
Express Mail Label No.: EL599135234US 



CLAIMS 



(1)FOR 



(3) NUMBER 
(2) NUMBER EXTRA (4) RATE 



(5) 

CALCULATIONS 



TOTAL CLAIMS 
(37 CFR 1.16(b)) 



22-20= 



X$ 18 = 



$36 



INDEPENDENT 
CLAIMS 

(37 CFR 1.1 6(b)) 



2-3= 



$ 80 = 



MULTIPLE DEPENDENT CLAIMS (if applicable) 
(37 CFR §1.1 6(d)) 



+ $ 270 = 



$0 



BASIC FEE 

(37 CFR §1.1 6(a)) 



$710 



TOTAL = 



$746 



Jhe Commissioner is hereby authorized to credit overpayments or charge the following fees, and any other fees 
jiecessary during the pendency of the application, to Deposit Account No. 501 225 (Docket ECV-561 1 ). 
;!fFor this purpose, pursuant to 37 CFR §1.1 36(a)(3) please incorporate the above authorization into any future reply as 
"ja petition for an appropriate extension of time if a petition for an extension of time is not otherwise provided.) 

f a. | X | Fees required under 37 CFR §1.16 
?J b. | X | Fees required under 37 CFR §1.17 

pn 

=a c- | j Fees required under 37 CFR §1.18 



SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 



iSSAME 




Debra D. Condino, Reg. No. 31,007 



SIGNATURE 



DATE 



October 2000 



CORRESPONDENCE ADDRESS 
Edwards Lifesciences LLC 
Law Dept. 
One Edwards Way 
Irvine, California 92614 
Telephone: (949)250-6803 Fax: (949)250-6850 



;; ; ^ CERTIFICATE OF MAILING UNDER 37CF.R §1.10 \ V, ; 1 

I hereby certify that the above 4dentifted document Is beirig deposited with the IMted States Postal Service as Express Mail, 
No. EL599135234US in a! envelope addressed to Box Patent Application, Commissioner fox Patents, Washington, D.C ,» 20231 on 
October H 2000. V i * ^ ' " 

V , By; 




Chnstine&ken 



s:\docs\ddc\561 1 apptrans.doc 



Methods for Quantitative and Qualitative Analyses of Phospholipids Using One- 
Dimensional Thin Layer Chromatography 

Field of the Invention 

The present invention relates to methods for quantitative and qualitative analyses of 
phospholipids. Specifically, the present invention provides methods of using one-dimensional thin 
layer chromatography to detect and quantify phospholipids. More specifically, the present invention 
provides one-dimensional thin layer chromatography methods used to detect and quantify the 
phospholipid content of mammalian tissues. 

Definition of Terms 

The specification that follows will be more easily understood by reference to the following 
definitions. Ordinary terms have been used in manners that preserve their traditional meanings. 
However, there are numerous references to technical aspects of chromatography that require an 
understanding of specific terms. While these definitions do not deviate substantially for the 
meanings accepted by those of ordinary skill in the chemical arts, there may be multiple 
interpretations of the terms used herein. It such cases the following definition of terms prevails. 

a. Analyte(s): Compound(s) to be detected in a sample (e.g., lipids present in a 

tissue extract). 

b. Column: A glass or metal tube that is filled with an inert matrix used in high 

pressure chromatography, gas-liquid chromatography or column 
chromatography. 

c. Elution Solvent: Solvent used to separate components in a mixture. 

d. Extraction Solvent: Solvent used to extract the mixture to be analyzed from the 

naturally occurring milieu. 

e. Partition: The process of separating compounds into various phases based on 

solubility. For example, separating water soluble materials (water 
soluble phase) from compounds soluble in organic compounds 
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£ Resolved: 



g. Sensitivity: 

h. Specificity: 

i. Spotting: 
j. Support: 



(organic phase) by allowing the respective phases to separate after 
mixing. 

The process of separating components from a mixture using a 

chromatographic technique. In thin-layer chromatography resolved 

refers to the process of separating components from a mixture into 

discrete, detectable spots. 

An assay's limit of detection for a given analyte. 

The assay's ability to discriminate between similar analytes in a 

sample. 

The process of applying a small amount (microliter quantities) of 
sample on the chromatographic support's base edge. 
A thin-layer chromatography plate (glass or plastic) that has been 
coated with an inert matrix or a sheet of blotter paper in the case of 
paper chromatography. 



Background of the Invention 

Bioprosthetic heart valves (BPHV) have been used since the early 1970s as replacements for 
diseased human cardiac valves. Originally, the reduced thrombogenicity associated with BPHV 
made them attractive alternatives to mechanical heart valves. However, BPHV fashioned from 
bovine pericardium and porcine aortic valves are susceptible to dystrophic calcification. 
Calcification is associated with approximately 40 to 50 percent of all BPHV failures necessitating re- 
operation and valve replacement in 10% to 20% of all adult recipients. The calcification rate in 
children, young adults and acute pathologic conditions is greatly accelerated, consequently, the use 
of BPHV is limited in these patients. 

Recent studies have demonstrated that tissue lipid extraction can significantly reduce 
calcification, and mineralization generally, in gluteraldehyde cross linked bovine pericardial tissues. 
This had led some authorities to conclude that lipids act as initiators and/or promoters of tissue 
mineralization. Therefore, various techniques have been developed to remove lipids from BPHVs 
prior to implantation. However, in order to monitor and fully understand the role lipids play in 
minerization of preserved tissues, it is necessary to quantify and qualitate tissue lipid content before, 



during and after processing. This requires a thorough understanding of lipid chemistry and the 
problems associated with lipid analytical methods. 

Lipids are biological molecules (biomolecules) that are insoluble in water, soluble in organic 
solvents and are essential components of the plasma membranes that envelop and compartmentalize 

5 all living cells. The lipid content of living membranes regulate molecular entry and egress at the 
cellular and sub-cellular levels. They are found in cell membranes and sub-cellular organelles such 
as mitochondria, chloroplasts, Golgi bodies, the endoplasmic reticulum and the cell nucleus. In 
addition to their role as structural components of membranes, lipids serve as energy reserves 
(triacetylglycerol, also known as neutral fats) and participate in cellular recognition and cell 

10 signaling. 

There are five major categories of lipids found in biological systems: fatty acids, 
triacylglycerols, sterols, glycerophopholipids, and sphingolipids. Fatty acids rarely occur in un- 
complexed, or free forms, in nature. Rather, fatty acids are components of other lipids such as 
^ glycerophospholipids, triacylglycerols, and sphingophospholipids. Triacylglycerols are non-polar 
l%i (uncharged, hence "neutral fats") fatty acid triesters of glycerol that are synthesized and stored in 
jg adipocytes. Adipocytes are "fat cells" that make up the fatty, or adipose, tissue abundant in the 
^ subcutaneous tissues of animals that serve as stored energy reserve and provide thermal insulation. 

Sterols include cholesterol, which are major components of animal cellular and sub-cellular 
u ; membranes. Sterols occur in much lower concentration in plants and have not been identified in 
2(g bacterial (prokaryotic) cell membranes. Moreover, cholesterol is an essential precursor to steroid 
0 hormones. 

Glycerophospholipids (phosphoglycerides) are the most common lipids associated with cell 
membranes. The simplest phosphoglyceride is phosphatide acid (PA) which is relatively scarce in 
cell membranes; however, phosphatide acid can serve as a precursor for all major 

25 phosphoglycerides including phosphatidylcholine (PC), phosphatidylserine (PS), phosphatidylinositol 
(PI), phosphatidylglycerol (PG), phosphatidylethanolamine (PE) and diphosphatidylglycerol (also 
known as cardiolipin and found primarily in mitochondrial membranes). Biochemistry Voet and 
Voet; Lipid Metabolism; pages 663-726; John Wiley and Sons, New York; 2000. 
Sphingophospholipids include sphingomyelins (SM) and are a principle component of nerve cell 

30 myelin sheaths. Sphigophospholipids (SP) have similar conformations and charge distribution to 
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glycerophospholipids and include the phosphoiylated head group associated with 
glycerophospholipids. Consequently, there is considerable chemical similarity between 
glycerophospholipids and sphigophospholipids; as a result they will be referred to herein collectively 
as "phospholipids" for convenience. 
5 Phosphatidylcholine, phosphatidylserine, phosphatidylethanolamine, phosphatidylinositol, 

phosphatidylglycerol, cardiolipin and sphingophospholipids are generally the most abundant 
phospholipids found in pericardial tissues. It has been reported that phosphatidylserine, cardiolipin 
and phosphatidylinositol play significant roles in mineralization (Dalas, E. Ioannou, P. V. and P. G. 
Koutsoukos, In Vitro Calcification: Effect of Molecular Variables of the Phospholipid Molecule. 
10 1990. American Chemical Society. Vol 6:3 535-538). Therefore, it is essential that any analytical 
method used to assess tissue lipid content have equal sensitivity and specificity for all phospholipids. 
Phospholipids possess many chemical similarities that make their physical separation from tissue 
% s extracts challenging. One of the most effective techniques for separating complex mixtures of large 
organic compounds, including phospholipids, is chromatography. 
l%j Mikhail Semenovich Tswett ("Tswett"), a Russian botanist, developed chromatography 

j s (from the Latin for color writing) shortly after the turn of the twentieth century. Tswett was 
studying plant pigments and developed the technique of column adsorption chromatography by 
H passing plant extracts through glass columns packed with calcium carbonate (chalk). The different 
y, pigments (each a separate organic compound) separated into discrete bands within the packed 
20g calcium carbonate column. The subtle differences in molecular weight, shape and charge between 
□ the pigments determined the rate that the plant pigment mixture (liquid or mobile phase) moved 
through the calcium carbonate column (solid support, or stationary phase). Today there are 
numerous variations on Tswett' s original column chromatography procedure that are based on the 
general principle described above. These include gas chromatography (or more specifically gas- 
25 liquid partition chromatography-GC and GLC), high-pressure liquid chromatography (HPLC), paper 
chromatography and thin layer chromatography (TLC). 

In gas chromatography the sample containing the mixture to be separated is heated to 
temperatures needed to vaporize the mixture's components. An inert gas such as nitrogen or helium 
carries the vaporized mixture (the mobile phase) into a column. The column is packed with a finely 
30 divide inert solid that is coated with another liquid of low volatility (the stationary phase). The 
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vaporized compounds in the mobile phase move through the column at different rates due to the 
compounds' different relative solubilities in the stationary phase (liquid) and the gas phase (a 
phenomenon referred to as partitioning). Gas-liquid chromatography is one of the most commonly 
used analytical techniques; however, it cannot separate complex mixtures of phospholipids. 
5 High-pressure liquid chromatography is a superb analytical tool that relies on the basic 

principles of column chromatography. Samples are dissolved in a suitable solvent mixture (the 
mobile phase) and the passed through extremely high surface area capillary silanized silica columns 
(stationary phase) under tremendous pressure. The components of the mobile phase (the solvent 
mixture) change over time forming a gradient. Samples elude through the gradient at different 
10 intervals based on their charge, molecular weight and relative solubility in the solvent gradient. 
Various forms of detectors are placed at the end of the column to record each compound's passing. 
Early HPLC columns operated within a narrow pH range and were thus not versatile enough 
^ to separate complex lipid mixtures. Moreover, ultraviolet light detection systems were notoriously 
?J insensitive and not suited for lipid quantitation. However, recent improvements in derivatized 
isuj silanized silica columns have resulted in stable supports that operate in a broad pH range (1-12) 
j B making them more useful for lipid analysis and laser light scattering detection systems have 
y § significantly improved HPLC lipid quantitation sensitivity. 

M However, HPLC still presents two major drawbacks. Fist, HPLC is a linear system. One 

|2 sample is injected at a time, multiple sample analysis remains tedious and time consuming even using 
20jff auto-injectors. Moreover, HPLC is expensive and complex to operate. Hundreds of thousands of 
O dollars are required to properly equip a fully functional HPLC laboratory and train personnel. If 
multiple HPLC systems are added to expedite sample processing, the costs go up considerably. 
Consequently, HPLC facilities that can rapidly process complex lipid containing samples are limited 
and the cost per sample is extremely high. 
25 Thin layer and paper chromatographies are based on similar principles. A sample containing 

the compounds to be separated is dissolved in a suitable extraction solvent and a small aliquot is 
placed near the edge at the support's base. After the sample spot dries, the support is placed in a 
container (developing chamber) with sufficient elution solvent to come to a level below the spot. 
The solvent migrates up the support carrying the compounds in the sample with it at different rates. 
30 This procedure is extremely versatile, inexpensive to perform and a number of samples and 
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standards can be resolved simultaneously. When the samples are run in one direction, i.e. up the 
support, the procedure is referred to as one-dimensional chromatography. This is by far the easiest 
chromatography method to perform and provides the highest sample throughput. 

However, molecules having a high degree of similarity in molecular weight, charge and 
5 molecular shape, such as phospholipids, could not be separated using one-dimensional 
chromatography and were generally not compatible with the cellulose fiber matrix used in paper 
chromatography. Consequently, a variation on one-dimensional TLC known as two-dimensional 
TLC was developed. Samples are loaded onto the support and resolved as described above for one- 
dimensional TLC. After the samples have resolved, the TLC plate is turned 90 degrees and placed 
10 in another developing chamber containing a different elution solvent. After the samples have 
resolved in the second direction, the spots are further separated making the identification of 
complex, highly similar compounds possible. However, two-dimensional TLC is time consuming 
*2 and requires that a single TLC plate be resolved twice. This considerably limits the number of 
*j samples and standards that can be run simultaneously. 
13 sj Recently, R A. Dugan reported the separation of PG, PE, PS, PI, PC and SM using one- 

j B dimensional thin-layer chromatography (the "Dugan method") (Dugan, E.A., Analysis of 
m Phospholipids by One-Dimensional Thin-Layer Chromatography. 1985. Liquid Chromatography, 
!** Volume 3 Number 2). However, the Dugan method does not provide the degree of separation and 
jl reproducibility necessary for precise quantitation of phospholipid samples. Moreover, the Dugan 
2(ftf method was particularly insensitive for the separation of PC and SM, and PC was not adequately 
O resolved using the methods disclosed therein. 

Therefore, there remains a need for an inexpensive, high through-put, accurate analytical 
process suitable for the simultaneous qualitative and quantitative analysis of lipids in extracted tissue 
samples. 

25 

Summary of the Invention 

It is an object of the present invention to provide a rapid, cost effective and reproducible 
quantitative method for determining the phospholipid content of a sample. 

It is another object of the present invention to provide a rapid, cost effective and 
30 reproducible quantitative method for determining the phospholipid content of tissue extracts. 
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It is another object of the present invention to provide a rapid, cost effective and 
reproducible quantitative method for determining the phospholipid content of tissue extracts using 
one-dimension thin layer chromatography. 

It is an object of the present invention to provide a rapid, cost effective and reproducible 
5 qualitative method for determining the phospholipid content of a sample. 

It is another object of the present invention to provide a rapid, cost effective and 
reproducible qualitative method for determining the phospholipid content of tissue extracts. 

It is another object of the present invention to provide a rapid, cost effective and 
reproducible qualitative method for determining the phospholipid content of tissue extracts using 
10 one-dimension thin layer chromatography. 

It is yet another object of the present invention to provide a rapid, cost effective and 
reproducible method for the simultaneous qualitative and quantitative determining the phospholipid 
? ~ content of tissue extracts using one-dimension thin layer chromatography. 

ill The present invention generally provides methods for the qualitative and quantitative analysis 

l% j of biological samples containing mixtures of lipids, specifically mixtures containing neutral lipids and 
JZJ phospholipids. Samples are extracted using organic solvents (extraction solvent), partitioned, dried 
P and the lipid fraction re-dissolved in an extraction solvent as known to those skilled in the art. The 
M samples are then applied to activated thin layer chromatography plates. Next, the plates are 
[7 equlibrated and resolved using the elution solvent of the present invention. The resolved plates are 
2(*y stained with a fluorescent dye and then scanned using fluorescent imaging and quantified using 
O appropriate software. 

In one embodiment the present invention is used to determine the lipid content of mammalian 
cardiac tissues. Samples are extracted using a methanol-cWoroform solution and processed using 
silica gel coated thin layer chromatography plates. The lipids are developed using a chloroform, 
25 methanol, acetic acid, aqueous potassium chloride solution and detected using primulin and a 
Storm® imaging unit. 

The method of the present invention provides a technique to qualitate and quantify 
phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol, phosphatidic acid, 
phosphatidylserine, sphingomyelin and phosphatidylglycerol present in a single tissue extract. 
30 Neutral lipids do not separate from the elution solvent of the present invention and migrate out of 
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the mixture with the solvent front (the leading edge of the solvent as it migrates up the 
chromatography plate). Consequently, the presence of neutral lipids in tissue samples does not 
interfere with phospholipid detection quantitation. 

Other objects, features and advantages of the present invention will be apparent to those 
skilled in the art from a consideration of the following detailed description of preferred exemplary 
embodiments thereof taken in conjunction with the Figure which will first be briefly described. 

Brief Description of the Drawings 

FIG. 1 depicts a resolved TLC support demonstrating the high degree of analyte spot 
separation and the minimum streaking and smearing that occurs when one-dimensional TLC analysis 
of cardiac tissue extracts is performed in accordance with the teachings of the present invention. 

FIG. 2 graphically depicts phospholipid separation obtained using the methods of the present 
invention. The graphs depicted in FIG. 2 were obtained by scanning the developed TLC supports 
using the Molecular Dynamics Storm® Phosphorlmager® ImageQuant® (Molecular Dynamics, 
Inc.) analytical software. 

Detailed Description of the Indention 

Naturally occurring mixtures of biomolecules present significant challenges to analytical 
chemists seeking to isolate and identify their individual constituents. This is particularly true for 
cellular extracts that contain mixtures of large complex compounds such as proteins, nucleic acids 
and lipids. Prior to 1900 the majority of all chemical purification and separation techniques relied on 
chemical extraction, fractional distillation, crystallization and re-crystallization. These techniques 
generally rely on differences in melting points, boiling points, and solubility in various solvents to 
separate and identify different chemical species. Such methods are tedious, result in low yields, lack 
reproducibility and are not suited for quantitative analysis when samples contain numerous closely 
related compounds. 

At the turn of the twentieth century techniques emerged that separated biomolecules from 
each other based on a molecule's weight, shape, and charge. These methods, known as 
chromatography (Latin for "color writing"), principally rely on differential solubility or absorption of 
compounds to separate molecules between a stationary phase and a mobile phase. Chromatographic 
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mobile phases are liquids that dissolve the molecules of interest consisting primarily of low 
molecular weight organic solvents such as alcohols, ketones, aldehydes, and aromatic compounds. 
Stationary phases are generally inorganic or organic complexes that are insoluble in the solvents 
including chalks, silicates, cellulose, argarose and acrylates. (The preceding definition of "mobile 
5 and stationary phases" does not apply to gas-liquid chromatography»GLC. In GLC the mobile 
phase is an inert gas and the stationary phase is an organic solvent.) 

Simple methods for performing chromatographic separation involve dissolving a sample 
containing compounds to be separated in a suitable extraction solvent. The sample is then applied as 
a small spot (spotting) to the base of a solid stationary phase, or support. The sample is allowed to 
10 dry and the very bottom of the support (below the sample spot) is suspended in the elution solvent. 
The elution solvent will migrate up the support carrying the compounds contained in the spot with 
it. Different compounds in the spot will move with the elution solvent at different rates depending 
on their individual solubilities in the elution solvent and their relative interactions with the support 
m matrix. Larger molecules will generally move more slowly than smaller ones, charged molecules 
*S *| may bind to oppositely charged portions of the support and their migration will be retarded, and 
U insoluble compounds will generally not migrate at all. 

^ Once the elution solvent has migrated up the paper the chromatographic process is complete 

H : and the support is removed from the solvent and dried. The support matrix is then exposed to a 
2 suitable chemical or physical process that permits visualizing the migrated compounds. The distance 
2(>y a compound traveled from its original spot is measured in centimeters and is divided by the distance 
D the solvent traveled. This value, an % is generally unique for every compound thus providing a 
rapid and relatively simple means of separating and identifying a great number of compounds. This 
particular technique is called one-dimensional chromatography because the sample is allowed to 
migrate in just one direction. 
25 However, there are compounds that behave so similarly in a particular elution solvent and/or 

interact with the stationary phase in near identical fashion such that they migrate as a single spot. In 
these cases the compounds can be further separated using multi-dimensional chromatography (two 
or three-dimensions) can be used. Generally, this involves rotating the stationary phase 90 degree 
on its axis following the completion of the first migration and using a second, different elution 
30 solvent. The molecules' interactions with the new elution solvent/stationary phase combination is 
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different than the first system resulting in detectable separation. However, only one sample can be 
run per support (TLC plate) using two-dimensional chromatography. Moreover, quantitative 
techniques are less accurate because separate TLC plates must be used for each sample and another 
for the standards. As a result, subtle changes in the reaction conditions between the various TLC 
5 plates can cause a slight difference in assay resolution. 

The sensitivity and specificity of TLC is determined by a number of factors including the 
constituents of the mobile phase, the charge and molecular size of the stationary phase and 
environmental conditions including temperature and humidity. Changes in the mobile phase solvent 
concentrations, pH, and polarity can have dramatic effects on the assay's resolving capacity. The 
10 present inventors have surprisingly discovered that the separation of lipids using one-dimensional 
TLC can be significantly enhanced using the elution solvent of the present invention. 

Analyte detection is another important factor that must be optimized to provide maximum 
g detection sensitivity and reproducibility. Analytes are generally detected in a sample after the TLC 
ift plate has been resolved and dried. Liquid detection reagents that interact with the analytes are 
15^1 applied to the surface of the dried plate. Non-limiting examples of detection reagents include acidic 
Si cupric salts ' nil % drm > molybdenum blue reagent, and fluorescent dyes, including but not limited to 
ff* primulin. Cupric salts are non-specific charring reagents that bind to the sample and turn various 
{-». shades of brown upon heating to between approximately 170°C to 180°C, ninhydrin and 
jl molybdenum react with free amino groups forming a chromogenic complex with the analyte, and 
20jtf fluorescent dyes intercalate with the analyte and emit a detectable UV wavelength in response to an 
O activating UV light source. The degree of charring, chromogenic development or UV emission is 
generally proportional to the amount of analyte present in the sample. 

Sample analysis generally begins with extracting the compounds to be assayed from their 
naturally occurring milieu. For example, the lipids assayed using the teachings of the present 
25 invention are naturally found in tissue samples, specifically cardiac tissue samples. In the present 
invention, porcine and bovine cardiac tissues are first extracted using one or more organic solvents 
that are compatible with amphiphilic compounds such as phospholipids. Amphiphilic compounds 
are molecules that possess both charged (polar) and uncharged (non-polar) regions. The phosphate 
containing head of phospholipids are generally charged and the fatty acid tail is uncharged. These 
30 compounds are usually more soluble in non-polar solvents than polar ones; however, adding small 
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amounts of a polar solvent to the non-polar solvent (known as polar modification) can increase 
solubility of many amphiphilic compounds. 

In the present invention the inventors have found that the maximum lipid extraction from 
tissue homogenates is generally achieved using extraction solvent mixtures such as, but not limited 

5 to, chloroform and methanol. In one embodiment of the present invention a mixture containing 
chloroform (Mallinckrodt Baker, Inc., Phillipsburg, New Jersey) and methanol (Mallinckrodt Baker) 
was used to extract porcine and bovine cardiac tissue using a modification of Folch et al. (Folch, J. 
et al. 1957. A Simple Method for the Isolation and Purification of Total Lipids from Animal Tissue, 
J. Biol. Chem., 226: 497-505, the entire contents of which is herein incorporated by reference). 
10 Specifically, fresh pericardium (sample) that had been crushed in liquid nitrogen is added to a 

2:1 mixture of chloroform and methanol (extraction solvent). The sample/extraction solvent 
mixture is purged with nitrogen gas, sealed in a glass tube and extracted at ambient temperature for 

;^ approximately 6.5 hours. Next, an appropriate volume of physiological saline (aqueous phase) is 

IP added to the sample/solvent mixture and thoroughly mixed. Insoluble materials including tissue 
lSsj fragments and coagulated proteins were removed along with the aqueous phase and the solvent is 

j~ evaporated to dryness under a stream of nitrogen gas. Extracted lipids are reconstituted in 

^ chloroform and stored at or below -75°C until processed further. 

H In one embodiment of the present invention samples to be analyzed and standards are 

ll spotted onto TLC plates that have been pre-activated using methods known to these skilled in the 
20 K art* Generally, TLC plates are activated by heating to dryness and then cooling in an anhydrous 
o environment. In one embodiment of the present invention the TLC plates are pre-activated HPTLC- 
HL plates (Analtech, Inc., Newark, Delaware). Samples are spotted using a micropipet being 
careful not to overload the plate with sample. Overloading a TLC plate can result in smearing of the 
analyte which significantly reduces the assay's sensitivity and specificity. Samples are best applied in 
25 small amounts letting each drop completely dry before applying the next. For best results, it is 
important that the spot be small and intense. Generally, applying repeated, small droplets to the 
same place helps to assure small, intense spots. Next the spotted plate is placed in an oven to assure 
that the spots are completely dried. In one embodiment of the present invention the plates are dried 
using a laboratory hot-cold drier using alternating cycles of hot and cold air. 
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After the spots are thoroughly dried, the plates are equilibrated by suspending them in a tank 
containing sufficient elution solvent to saturate the environment therein. Care is taken not to allow 
the plate to contact liquid elution solvent. After a suitable equilibration period the plates are 
lowered into the elution solvent with the solvent level just below the sample spot. The plates are 
5 then resolved for a time sufficient to allow the elution solvent to migrate up the entire plate stopping 
just before its upper edge. At the conclusion of the resolving period the plates are removed from the 
elution solvent tank and dried. 

Analytes are detected by exposing the dried resolved plates to a suitable detection regent. In 
one embodiment of the present invention the detection reagent is a fluorescent dye such as, but not 
10 limited to, primulin. The fluorescent detection reagent is applied as an aerosol to the dried TLC 
plate. The plates are then dried and read. Lipids present in the sample will react with the 
fluorescent dye forming a fluorescent complex that will emit a specific wavelength of UV light in 
g response to an activating wavelength in the ultraviolet region. In one embodiment of the present 
^ invention a semi-automated TLC plate scanner such as, but not limited to, a Molecular Dynamics, 
15 xj Sunnyvale, California, Storm® Phosphorlmager® system is used. Data are collected and analyzed 
j B using a microprocessor having quantitative software therein such as, but not limited to, 
ys ImageQuant®. 

H The most important aspect of quantitation is the degree of separation and tightness of the 

{2 analyte spots following resolution. Analyte spots that are streaked or smeared and those that are 
2CN overlapping onto adjacent analytes cannot be accurately quantified. FIG. 1 demonstrates the 
O excellent resolution that is achieved using the teachings of the present invention. FIG. 2 graphically 
depicts the results obtained when a mixture containing 0.2 jig/mL each of L-a-Phosphatidic Acid 
20, L-a-Phosphatidylethanolamine 22, L-a-Phosphatidylserine 24, L-a-Phosphatidylinositol 26, L- 
a-Phosphatidylcholine 28, and Sphingomyelin 30 is resolved using the teaching of the present 
25 invention and the developed TLC plate is scanned using the Molecular Dynamics Storm® 
Phosphorlmager® ImageQuant® (Molecular Dynamics, Inc.) analytical software. 
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Examples 



Preparation of Cardiac Tissues Extracts 



a. Excise excess fat from a piece of fresh bovine pericardium or porcine aortic valve, mince the 
remaining tissue with a scalpel keeping the tissue submerging in ice cold saline. 

b. Immerse the minced, de-fatted tissue in sufficient liquid nitrogen to cover the entire tissue 
section. Carefully pulverize the frozen tissue and weigh the sample. 

c. Transfer the weighed, pulverized tissue sample to a glass vial and store at approximately 
-80°C until processed further. 

d. Prepare an extraction solvent mixture containing two parts Chloroform, Mallinckrodt Baker 
HPLC grade or equivalent and one part Methanol, Mallinckrodt Baker HPLC grade or 
equivalent. Mix well and store under a reduced atmosphere. 

e. Add approximately 1 gram defatted pulverized tissue to 7 to 10 mL of extraction solvent. 
Gas-out the sample vial containing the tissue and extraction solvent and seal. Mix 
thoroughly for approximately six hours at room temperature. 

f. Add a volume of physiological saline equal to approximately 20% of the sample volume and 
continue mixing for an additional thirty minutes. 

g. The mixed samples are then centrifuge for 20 minutes at approximately 2,000 x g or a force 
sufficient to remove the bulk tissue and precipitated proteins. 

h. Allow the phases to separate and remove the solvent phase containing the extracted lipids, 
I. Place the extraction solvent phase in a tared vessel and evaporate the sample to dryness 

under a gentle stream of inert gas. Store dried lipids at or below approximately -75 °C. 

Quantitative and Qualitative Phospholipid Analysis using 
One-Dimensional Thin-Laver Chromatography 

Required Equipment 

Pre-activated TLC plates, Uniplate HPTLC-HL Analtech. 
Required Materials 
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a. Pre-aliquoted phospholipid standards and samples needed for testing: 

1. L-a-Phosphatidylcholine Avanti Polar Lipid, Inc. (Alabaster, Alabama) 

2. L-a-Phosphatidylethanolamine Avanti Polar Lipid, Inc. 

3. L-a-Phosphatidylinositol Avanti Polar Lipid, Inc. 

4. Sphingomyelin Avanti Polar Lipid, Inc. 

5. L-a-Phosphatidic Acid Avanti Polar Lipid, Inc. 

6. L-ot-Phosphatidylserine Avanti Polar Lipid, Inc. 

While the aforementioned lipid standards were acquired from Avanti Polar, Inc., it is 
understood that one of ordinary skill in the art would know other sources for suitable 
equivalents. 

b. Chloroform, Mallinckrodt Baker HPLC grade. 

c. Methanol, Mallinckrodt Baker HPLC grade. 

d. Acetic Acid, glacial, Mallinckrodt Baker. 

e. Purified water 

f. Potassium chloride, Mallinckrodt Baker. 

g. Pre-made 0.05% primulin working solution in glass sprayer with air attachment or other 
suitable apparatus for producing a fine primulin aerosol (Sigma Chemicals, St. Louis, MO). 

Analytical Method 

A Spotting Standards and Samples 

1 . Remove necessary aliquots of phospholipid standards and samples from frozen 
storage and allow to thaw to room temperature. 

2. Lightly label each plate with a pencil on the top absorbent strip of the plate with the 
date and some unique identification, i.e., "A" or "B " Label each lane with the 
appropriate concentration; start with the sample or standard having the lowest 
concentration and move to those having the highest concentration. Work from left to 
right. Samples are spotted in duplicate or triplicate. Skip the lanes on the left and 
right edges of the plate. 
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3 . Ensure the standards and samples have warmed to room temperature and are well 
mixed. Spot the samples and standards being careful to ensure small, tight spots. 

4. When all standards and samples have been applied the plates were dried. 

B. Solvent Preparation 

1. Prepare a stock solution of 2.5% potassium chloride (KC1) in purified water. 

2. Prepare the elution solvent in a fume hood in glass containers according to the 
following ratios: 

Chloroform: Methanol; Acetic Acid: water with 2.5% KC1 
35 : 10 : 9.8 : 1.2 

3 . Mix the elution solvent well and de-gas it. 



Assay Equilibration 

1. Load plates into the chromatography rack, spot side down. Place the rack 
and plates into the tank and replace the tank lid. Verify that the lid is in place 
to prevent air from entering the tank during the tank equilibration. 

2. Allow the rack and plates to hang in the tank for equilibration. 



Resolving Method 

1. After the plates have been fully equilibrated gently lower them into the elution 
solvent so that the solvent level is below sample and standard spots. 

2. Allow the standards and samples on the TLC plates to resolve until the migrating 
solvent front is approximately 5 mm from the bottom of the top absorbent strips on 
the TLC plate, remove the plates from the solvent tanks. Allow the plates to air dry. 



Analyte Detection 

1 . After the plates are dried spray the plates evenly with primulin solution. 

2. After all plates have been stained, dry the plates again. 
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3. Load dried TLC plate into the Molecular Dynamics Storm® PhosphorLnager® (or 
equivalent UV scanner) and scan plate. Print out sample and standard curved with 
using the ImageQuant® (Molecular Dynamics, Inc.) analytical software. 

From the foregoing description, one skilled in the art can readily ascertain the essential 
characteristics of the invention and, without departing from the spirit and scope thereof, can adapt 
the invention to various usages and conditions. Changes in the form and substitution of equivalents 
are contemplated as circumstances may suggest or render expedient, and although specific terms 
have been employed herein, they are intended in a descriptive sense and not for purposes of 
limitation. Furthermore, any theories attempting to explain the mechanism of actions have been 
advanced merely to aid in the understanding of the invention and are not intended as limitations, the 
purview of the invention being delineated by the following claims. 
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We claim: 



1 . A method for the simultaneous quantitative and qualitative determination of individual 
phospholipids in a phospholipid mixture comprising: 

dissolving said phospholipid mixture in at least one extraction solvent; 

applying said at least one extraction solvent having said phospholipid mixture dissolved 
therein to a thin layer chromatography (TLC) plate; 

placing said TLC plate having said phospholipid mixture applied thereto into an elution 
solvent mixture; and 

allowing said phospholipid mixture to migrate up said TLC plate in one direction until said 
individual phospholipids are separated from said phospholipid mixture such that all said individual 
phospholipids present in said phospholipid mixture can be individually detected. 

2. The method of claim 1 wherein said individual phospholipids are selected from the group 
consisting of phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol, phosphatide 
acid, phosphatidylserine, and sphingomyelin. 

3. The method of claim 1 wherein said at least one extraction solvent is selected from the group 
consisting of chloroform, methanol, and water. 

4. The method of claim 3 wherein said at least one extraction solvent comprises chloroform and 
methanol. 

5. The method of claim 4 wherein said at least one extraction solvent comprises two parts 
chloroform and one part methanol. 

6. The method of claim 1 wherein said TLC plate is coated with a silica gel. 

7. The method of claim 1 wherein said elution solvent mixture comprises chloroform, methanol, 
acetic acid, and an aqueous solution of potassium chloride. 



17 



8. The method of claim 7 wherein said aqueous solution of potassium chloride consists 
essentially of water and 2.5% potassium chloride. 

9. The method of claim 7 wherein said elution solvent mixture consists essentially of 35 parts 
chloroform, 10 parts methanol, 9.8 parts acetic acid and 1.2 parts aqueous solution of potassium 
chloride. 

10. The method of claim 1 further comprising detecting said individual phospholipids using an 
ultraviolet detection system. 

1 1 . The method of claim 10 wherein said ultraviolet detection system further comprises primulin. 

12. A method for the quantitative determination of individual phospholipids in a phospholipid 
mixture comprising: 

dissolving said phospholipid mixture in at least one extraction solvent; 

applying said at least one extraction solvent having said phospholipid mixture dissolved 
therein to a thin layer chromatography (TLC) plate; 

placing said TLC plate having said phospholipid mixture applied thereto into a elution 
solvent mixture; and 

allowing said phospholipid mixture to migrate up said TLC plate in one direction until said 
individual phospholipids are separated from said phospholipid mixture such that all said individual 
phospholipids present in said phospholipid mixture can be individually detected. 

13. The method of claim 12 wherein said individual phospholipids are selected from the group 
consisting of phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol, phosphatide 
acid, phosphatidylserine, and sphingomyelin. 

14. The method of claim 12 wherein said at least one extraction solvent is selected from the 
group consisting of chloroform, methanol, and water. 
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15. The method of claim 12 wherein said at least one extraction solvent comprises chloroform 
and methanol. 

16. The method of claim 15 wherein said at least one extraction solvent comprises two parts 
chloroform and one part methanol. 

17. The method of claim 12 wherein said TLC plate is coated with a silica gel. 

18. The method of claim 12 wherein said elution solvent mixture comprises chloroform, 
methanol, acetic acid, and an aqueous solution of potassium chloride. 

19. The method of claim 18 wherein said aqueous solution of potassium chloride consists 
essentially of water and 2.5% potassium chloride. 

20. The method of claim 18 wherein said elution solvent mixture consists essentially of 35 parts 
chloroform, 10 parts methanol, 9.8 parts acetic acid and 1.2 parts aqueous solution of potassium 
chloride. 

21 . The method of claim 12 further comprising detecting said individual phospholipids using an 
ultraviolet detection system. 

22. The method of claim 21 wherein said ultraviolet detection system further comprises primulin. 
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Abstract 

A highly sensitive and specific method for the detection and quantification of lipids is 
provided. Specifically, methods for the simultaneous detection and quantification of phospholipids 
extracted from mammalian tissues is described. The analytical methods provided disclose a modified 
one-dimensional thin-layer chromatography technique specifically developed to rapidly and 
accurately detect and quantify phospholipids from mammalian cardiac tissues. 
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